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Recent Interest in LAr High Voltage (HV)

Experiment Status
ICARUS 2001, Running 2010
Darkside 50 Running
MicroBooNE Run this year
CAPTAIN Built this year
L BNE ?
GLACIER R&D Phase
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Recent Interest in LAr High Voltage (HV)

e Noble liquids are becoming a Experiment Status Voltage
bopular detector medium CARUS 2001, Running 2010 75 kV
Darkside 50 Running 60 kV

e These often require HV MicroBooNE Run this year 128 kV
CAPTAIN Built this year 50 kV

L BNE ? 170 kV

GLACIER R&D Phase 1-2 MV
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e Noble liquids are becoming a
popular detector medium

¢ These often require HV

e As a result, there’s been a lot
of interest in this recently
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Recent Interest in LAr High Voltage (HV)

e Noble liquids are becoming a
popular detector medium

e These often require HV

e As a result, there’s been a lot
of interest in this recently

¢ In November 2013, FNAL

hosted the “High Voltage in

Nobel Liquids” workshop
with ~40 attendees

LAr R&D Review: High Voltage

Experiment Status Voltage
ICARUS 2001, Running 2010 75 kV
Darkside 50 Running 60 kV
MicroBooNE Run this year 128 kV
CAPTAIN Built this year 50 kV
L BNE ? 170 kV
GLACIER R&D Phase 1-2 MV
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High Voltage in Noble Liquids

8-9 November 2013 Fermi National Accelerator Laboratory
US/Central timezone

Overview

Agenda

Participants List

February 14, 2013

This workshop will provide a forum to discuss current activ
the behavior of high voltage in noble liquids. The worksho
from the neutrino, dark matter, and electric dipole momen
of making feed throughs, understanding dielectric properti
high voltage systems. These issues are relevant for a broz
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High Voltage Workshop Highlights

e Some highlights from the
workshop included:
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High Voltage Workshop Highlights

Setup to measure samples at cold temperature Velume resistivity of various plastics = fllemperature) 1 v 8430
T T de L Soned i .

R e VA YA weelets £ el e

e Some highlights from the
workshop included:

e Va’'vra (SLAC): measured R o
resistivities at LXe e ——— |
temperatures; advocates using
slightly conductive materials
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High Voltage Workshop Highlights
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1) The Malter Effect (1936)
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e Pereverzev (LLNL): Discussed
monolayer ideas and tests
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High Voltage Workshop Highlights

e Some highlights from the
workshop included:

e \Va'vra (SLAC): measured
resistivities at LXe
temperatures; advocates using
slightly conductive materials

e Pereverzev (LLNL): Discussed
monolayer ideas and tests

e Resnati (ETH Zurich): R&D for
Glacier (HV @ MV scale); (1 cm
LAr dieletric strength test here)

e and more...

LAr R&D Review: High Voltage
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I Enhanced Electron Emission
On Metal Surfaces with Thin Dielectrics

Sergey Pereverzev, LLNL

o0

Electrical breakdown in LAr

e Not many recent papers in the literature:
* Swan, Lewis and Gallagher in the 1960s

e Non trivial mechanism:
* Townsend avalanche
* Impurities cffects
¢ Electron emission from metals
* Field emission from the cathode
* Space charge effect
¢ Suspended solid particles effect
* Nucleation, cavitation and bubble effect

Flippo Rt - High Voliage n Noble Liguids - FNAL - Novessber 9, 2013

February 14, 2013
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1) The Malter Effect (1936)

Prmortings o Bo Aneruas Phrees Swwty [
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* there are positive surface charges..

11 o Nrve an rsidater o0 your metal surface, beware of trapped wns!

R&D on HV
* Unknowns to be known before the final
desngn
¢ Liquid argon dielectric rigidity versus electrode
distance
* Bubble and liquid argon purity effects on

discharges
* Argon ionization and space charge effects
¢ Electrode material impact and properties of
insulating materials

Hippo Kot - High Voltage in Noble Liguids - FNAL - Novermber h, 2013
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High Voltage Workshop Highlights

e Also, uB colleagues at
BERN have been involved
on LAr HV R&D:
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High Voltage Workshop Highlights

HV breakdowns
* Also, uB colleagues at —
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High Voltage Workshop Highlights

* Also, uB colleagues at —

00 KV sportanecus dschargos
of the Grenacher ~ M0KViem@som
(max fold 10 ground)

' - Electric Field Mil

BERN have been involved e | Soerem
on LAr HV R&D: ww,,f’i’::;;ﬁm | | Coee A
08 Jreanse ) | U

Ervce Avgor Gas win He
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e ARGONTUBE: 5 m drift, e
uses Greinacher/
Cockcroft-Walton for HV
(max stable 100 kV)

HV breakdowns { - _ [

Calibration curve of the Sield mill

e Measured the dielectric
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High Voltage Workshop Highlights

HV breakdowns y = _ [
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Our Experience: LAr Electric Strength

e | work with Dr. Jostlein on the
HV for MicroBooNE
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Our Experience: LAr Electric Strength

e | work with Dr. Jostlein on the
HV for MicroBooNE

* For me, the beginning of this
work involved testing a
prototype feedthrough in an
open LAr dewar
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Our Experience: LAr Electric Strength

e | work with Dr. Jostlein on the
HV for MicroBooNE

* For me, the beginning of this
work involved testing a
prototype feedthrough in an
open LAr dewar

e Trips/sparks were not an
iInfrequent phenomenon for us

* However, we generally
thought they were along the
FT
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Our Experience: LAr Electric Strength

e | work with Dr. Jostlein on the
HV for MicroBooNE

* For me, the beginning of this
work involved testing a
prototype feedthrough in an
open LAr dewar

e Trips/sparks were not an
iInfrequent phenomenon for us

* However, we generally
thought they were along the
FT

e Until we saw them through

the argon! \
~
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Our

=Xxperience: LAr

“lectric Strength

e | work with Dr. Jostlein on the
HV for MicroBooNE

* For me, the beginning of this
work involved testing a
prototype feedthrough in an
open LAr dewar

e Trips/sparks were not an
iInfrequent phenomenon for us

e However, we generally
thought they were along the

FT

e Until we saw them through
the argon!
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Our Experience: LAr Electric Strength

e This caught our eye because people
were quoting ~1.4 MV/cm for the
electric strength of LAr
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Our Experience: LAr Electric Strength

e This caught our eye because people TABLE 6.2
were quoting ~1.4 MV/cm for the
electric strength of LAr

e Upon closer inspection, this value
seems to come from a measurement
at very small distances using very
small spheres

The apparatus and experimental techniques were the same as those described
in the earlier paper (Swan and Lewis 1960). The electrodes were 5 mm diameter
spheres and the electrode spacing could be adjusted externally by means of 2
micrometer. The procedure for obtaining reproducible surface oxide condition

less than 1 usec for electr -8cm.  In the present case for liquid

argon at similar spa
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Our Experience: LAr Electric Strength

e This led us to try to measure the electric I T B
strength of LAr vs. distance at DAB this past Bt
summer

e caveat. Thisis in an open dewar
(impurities)

,,
7
e
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Our

=Xxperience: LAr
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“lectric Strength

06/20/13 Breakdown Voltage vs. Distance

h1
Entries 20
Meanx 1514
Meany 33.67
Slope: 10.450456 RMSx  2.012
m RMS y 21.71
© | June 20, 2014
e x
|
I 1 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
146 148 150 152 154 156 158 160
Distance (mm, 0=148.2 mm)
06/24/13 Breakdown Voltage vs. Distance
h3
Entries 17
Meanx 147.9
Mean y 34.2
Slope: 13.750000 RMSx  1.434
RMS y 20.7
O [June 24, 2014
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|
o x /%
> :
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146 148 150 152 154 156 158 160
Distance (mm, 0=145.4 mm)
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Our Experience: LAr Electric Strength

06/20/13 Breakdown Voltage vs. Distance

h1
e The breakdown voltage is e 1514
. . . . eany 33.67
indeed varying with distance o Slope: 10.450456 RSy 517
O)
® | June 20, 2014
e x
@)
>
T ko oLz
06/24/13 Breakdown Voltage vs. Distance
h3
Entries 17

Meanx 147.9
Mean y 34.2

Slope: 13.750000 RMSx  1.434

June 24, 2014 e

Voltage

1 I 1 1 1 I 1 1 1 I 1 1 1
154 156 158 160
Distance (mm, 0=145.4 mm)
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Our

=Xxperience: LAr

e The breakdown voltage is
indeed varying with distance

e - The breakdown is
occurring through the LAr

LAr R&D Review: High Voltage

“lectric Strength

06/20/13 Breakdown Voltage vs. Distance

h1

Entries 20
Meanx 151.4
Meany 33.67
Slope: 10.450456 RMSx  2.012
m RMS y 21.71
© | June 20, 2014
e x
|
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146 148 150 152 154 156 158 160
Distance (mm, 0=148.2 mm)
06/24/13 Breakdown Voltage vs. Distance
h3
Entries 17
Meanx 147.9
Mean y 34.2
Slope: 13.750000 RMSx  1.434
RMS y 20.7
O |June 24, 2014
njd
|
o x /%
> '
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Our Experience: LAr Electric Strength

06/20/13 Breakdown Voltage vs. Distance

* The breakdown voltage is
indeed varying with distance o Slope: 10.450455 ey
i (@)
e = The breakdown is @ | June 20, 2014
- et x
occurring through the LAr )
>
e The different dates were

meant to explore T
contamination effects

Distance (mm, 0=148.2 mm)

06/24/13 Breakdown Voltage vs. Distance

h3

Entries 17
Mean x 147.9
Mean y 34.2
Slope: 13.750000 RMSx  1.434

RMS y 20.7

@ (June 24, 2014

O

©

)

|

o x /%

> *

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
146 148 150 152 154 156 158 160

Distance (mm, 0=145.4 mm)
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Our Experience: LAr Electric Strength

06/20/13 Breakdown Voltage vs. Distance

e The breakdown voltage is
indeed varying with distance o Slope: 10.450456 ey 5
i ()
e = The breakdown is @ | June 20, 2014
- et x
occurring through the LAr =)
>
e The different dates were

meant to explore T
contamination effects

Distance (mm, 0=148.2 mm)

06/24/13 Breakdown Voltage vs. Distance

* The longer the argon Veany 342
i Slope: 13.750000 Emg; 1;‘35;
was exposed to air, the O |lJune 24. 2014
more oxygen would g
diffuse in it %
> A

Distance (mm, 0=145.4 mm)
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Our

—Xperience: Long Bo HV

¢ \We also supplied the HV for Long Bo

e | ong Bo was a2 m long drift TPC put
iIn LAPD last year

e 2 m drift with 500 V/cm --> 100 kV

e FT was tested to 120 kV for a few
hours (open dewar & power supply
could not be left)

LAr R&D Review: High Voltage February 14, 2013

S. Lockwitz
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Our Experience: Long Bo HV

e \We had a problem with Long
Bo HV
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Our Experience: Long Bo HV

e \We had a problem with Long
Bo HV

e There was an incident the
first time it was turned on
(not the fault of the HV)

“uoleuIBew éul JO q519J1é_Kue AQ uoneoo| Jedoud J‘O 8[eds 0] 10N
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Our Experience: Long Bo HV

e \We had a problem with Long
Bo HV

e There was an incident the
first time it was turned on
(not the fault of the HV)

e The HV never held 100 kV
for more than a few
seconds after that
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Our Experience: Long Bo HV

e \We had a problem with Long
Bo HV

e There was an incident the
first time it was turned on
(not the fault of the HV)

e The HV never held 100 kV
for more than a few
seconds after that

e \We operated at lower
voltages but still saw a trip
every day or so

“uoleuIBew éul JO q:jien-s-/(ue AQ uoneoo| Jedoud J.O 8[eds 0] 10N

LAr R&D Review: High Voltage February 14, 2013
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Our

—Xperience: Long Bo HV

e After a pump failure, we noted HV stability
¢ \We eventually determined the HV stability is related to the purity of the LAr

Less frequent turn ons
here & lower voltages
(early software did not
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—Xperience: Long Bo HV

e After a pump failure, we noted HV stability
¢ \We eventually determined the HV stability is related to the purity of the LAr

Less frequent turn ons
here & lower voltages
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Our

—Xperience: Long

¢ \We eventually put a camera
in LAPD (provided by
BERN)

e Amazing photos...

LAr R&D Review: High Voltage
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Our Experience: Long Bo HV

FPS: 15,08 9122013 10:16:23 AM

e \We eventually put a camera
in LAPD (provided by
BERN)

e Amazing photos... | |

f
‘ |
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Our Experience: Long Bo HV

FPS: 15,06 12/2013 10:16:23 AM

e \We eventually put a camera
in LAPD (provided by
BERN)

e Amazing photos...
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My Experience: HVC at LArTF

¢ Right now, we (MicroBooNE) are
redoing the LAr electric strength
test vs. distance in a more
controlled environment at LArTF

e Part of the phase | cryo work
e HVC!

¢ Jest setup idea:
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test vs. distance in a more
controlled environment at LArTF

e Part of the phase | cryo work

e HVC!

¢ Jest setup idea:
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My Experience: HVC at LArTF

e HVC Test Setup: l

Translator can
move the probe

¢ \ertical translator to control distance

vertically
e HV FT
View ports
e Ground Plate
: This goes into the
® \/iew ports oryostat
HV Probe

Grounded plate

Mirrors angled to
see breakdown
mem  SNQCE from
viewports
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My Experience: HVC at LArTF

e HVC Test Setup:

Translator can
move the probe
vertically

¢ \ertical translator to control distance

° HV FT
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My Experience: HVC at LArTF

instance. The liquids must not be accepted with the arbi-
trary ‘technical purity’ from the supplier. However, the
quoted strength takes no account for any size effect, i.e. the
stressed liquid volume and stressed electrode area, respect-
ively. The stressing time also can have a significant influ-
ence.

* Gerhold J., Cryogenics. 38 (1998) 1063-1081.
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affectlng the prObablllty of breakdown quoted strength takes no account for any size effect, i.e. the

stressed liquid volume and stressed electrode area, respect-

e A trend breakdown field Strength ively. The stressing time also can have a significant influ-
decreasing with high field volume (LHe S * Gerhold J., Cryogenics. 38 (1998) 1063-1081.
data)
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My Experience: HVC at LArTF

e Sources have pointed to high fleld volume  instance. The liquids must not be accepted with the arbi-
' 1K trary ‘technical purity’ from the supplier. However, the
aﬁeCtmg the prObablIlty of breakdown quoted strength takes no account for any size effect, i.e. the
stressed liquid volume and stressed electrode area, respect-

e A trend breakdown field Strength ively. The stressing time also can have a significant influ-
ence.

decreasing with high field volume (LHe e Gerhold J., Cryogenics. 38 (1998) 1063-1081.

data)

¢ \We want to do a series of measurements with
tips of different sizes to determine how the
breakdown voltage varies with
different E fields (high field volume)
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My Experience: HVC at LArTF

e Sources have pointed to high field volume
affecting the probability of breakdown

e A trend breakdown field strength
decreasing with high field volume (LHe
data)

e \We want to do a series of measurements with

tips of different sizes to determine how the
breakdown voltage varies with
different E fields (high field volume)

¢ \We want to measure how the breakdown
voltage is affected by purity

e Gas analyzers
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My Experience: HVC at LArTF

e Sources have pointed to high field volume
affecting the probability of breakdown

e A trend breakdown field strength
decreasing with high field volume (LHe
data)

e \We want to do a series of measurements with

tips of different sizes to determine how the
breakdown voltage varies with
different E fields (high field volume)

¢ \We want to measure how the breakdown
voltage is affected by purity

e Gas analyzers

e Purity monitor downstream

LAr R&D Review: High Voltage February 14,

instance. The liquids must not be accepted with the arbi-
trary ‘technical purity’ from the supplier. However, the
quoted strength takes no account for any size effect, i.e. the
stressed liquid volume and stressed electrode area, respect-
ively. The stressing time also can have a significant influ-

€nce.

* Gerhold J., Cryogenics. 38 (1998) 1063-1081.
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Breakdown Voltage

My Experience: HVC at LArTF

3.5" Sphere Breakdown Voltage vs. Distance

January 24, 2014

0 5 10 15 20 25 30
Distance (mm)

5 mm Sphere Breakdown Voltage vs. Distance

January 31, 2014

Breakdown Voltage

B
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What We Would Like To Do: Finish First Phase

e | would like to:

e Measure effect vs. purity, distance, and high field volume (vary the probe
shape)

® These results will be noteworthy in that

e The feedthrough works to the power supply limit (150 kV) (BERN 55 kV)
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What We Would Like To Do: Finish First Phase

e | would like to:

e Measure effect vs. purity, distance, and high field volume (vary the probe
shape)

® These results will be noteworthy in that
e The feedthrough works to the power supply limit (150 kV) (BERN 55 kV)
e \We can vary distance (Resnati was fixed at 1cm)

e \We can study the effects of high field volume (probe size)
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Others do not seem
" | to be studying this
Additionally, We Would like to...
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Others do not seem
" , to be studying this
Additionally, We Would like to...

e Study the effects of additives on HV stability

e Stability vs. purity effects suggest that impurities might lead to HV stability

e PAB has a system to inject known amounts of impurities into a system
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e Stability vs. purity effects suggest that impurities might lead to HV stability
e PAB has a system to inject known amounts of impurities into a system

e Study the effect of surface material and conditions on electric discharge

e |s electropolishing necessary? Other surface treatments...

¢ Jest polarity effects
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Others do not seem
" , to be studying this
Additionally, We Would like to...

e Study the effects of additives on HV stability

e Stability vs. purity effects suggest that impurities might lead to HV stability
e PAB has a system to inject known amounts of impurities into a system

e Study the effect of surface material and conditions on electric discharge

e |s electropolishing necessary? Other surface treatments...

¢ Jest polarity effects

e |t’s natural to ask how the results change if a +V is applied (instead of -V)

* (Positive supply is available onsite -- some logistic contortions are needed
to free it)
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Others do not seem
. . D to be studying this
Light & Radioactivity
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Light &

Radioactivity

Others do not seem
to be studying this

e How light affects HV

e \We know UV light can trigger a breakdown (unpublished test with
H.Jostlein)

e |[t's sometimes mentioned that light could be a precursor for HV sparks
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Light &

Radioactivity

Others do not seem
to be studying this

e How light affects HV

e \We know UV light can trigger a breakdown (unpublished test with
H.Jostlein)

e |[t's sometimes mentioned that light could be a precursor for HV sparks

® The effect of radioactivity on HV

e Heavy particles such as neutrons or alpha particles are sometimes

mentioned as the culprit for delayed breakdowns
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¢ | do not think the mechanisms or parameters for breakdown in LAr are well
understood
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In Closing... (1/3)

¢ | do not think the mechanisms or parameters for breakdown in LAr are well
understood

e First, we intend to complete the study of breakdown voltage vs. distance
® VS. purity
¢ vs. configuration -- high field volume

¢ (eventually) surface
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In Closing... (1/3)

¢ | do not think the mechanisms or parameters for breakdown in LAr are well
understood

e First, we intend to complete the study of breakdown voltage vs. distance
® VS. purity
¢ vs. configuration -- high field volume
¢ (eventually) surface

¢ These measurements have notable strengths over others’ endeavors

e FT performance

e Range of movement
e Range of purities

e Probe shape
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In Closing (2/3)

e \What we will need:
¢ To establish the system at the PAB: Bringing the cryostat from LArTF
e Approximately $50,000 M&S: cryogenic hardware, machining, welding

e Feedthroughs, condenser, internal filter, hook up to existing argon
source, consultant, purity monitoring system, DAQ, hook up to gas
analyzers, controls, camera

e 3 months tech ($40k); 1 month engineer ($25k)
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In Closing (3/3)

1. Briefly summarize the current state of the program, discussing what has been learned and what are
the remaining Issues.

1.1. People have made HV feedthroughs, but it seems to be more of an art than a science. It
remains to make some basic measurements to try and elucidate the causes of breakdowns.
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1. Briefly summarize the current state of the program, discussing what has been learned and what are
the remaining Issues.

1.1. People have made HV feedthroughs, but it seems to be more of an art than a science. It
remains to make some basic measurements to try and elucidate the causes of breakdowns.

2. What is the proposed scope of the R&D program for the next two years, and what resources are
required for that program

2.1. | am asking for funds and support to continue this work by bringing the MicroBooNE HVC to
PAB to integrate into the existing systems, and to develop a capability for studies.
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1. Briefly summarize the current state of the program, discussing what has been learned and what are
the remaining Issues.

1.1. People have made HV feedthroughs, but it seems to be more of an art than a science. It
remains to make some basic measurements to try and elucidate the causes of breakdowns.

2. What is the proposed scope of the R&D program for the next two years, and what resources are
required for that program

2.1. | am asking for funds and support to continue this work by bringing the MicroBooNE HVC to
PAB to integrate into the existing systems, and to develop a capability for studies.

3. Compare the program with similar programs worldwide. Are we doing leading work in this area?

3.1. HVis an area of common interest, but | think I’'ve identified capabilities and interests that are
unigque here.
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1. Briefly summarize the current state of the program, discussing what has been learned and what are
the remaining Issues.

1.1. People have made HV feedthroughs, but it seems to be more of an art than a science. It
remains to make some basic measurements to try and elucidate the causes of breakdowns.

2. What is the proposed scope of the R&D program for the next two years, and what resources are
required for that program

2.1. | am asking for funds and support to continue this work by bringing the MicroBooNE HVC to
PAB to integrate into the existing systems, and to develop a capability for studies.

3. Compare the program with similar programs worldwide. Are we doing leading work in this area?

3.1. HV is an area of common interest, but | think I’'ve identified capabilities and interests that are
unigque here.

4. Which parts of the program should be considered generic R&D and which parts should be
considered project specific?

4.1. | expect our measurements will be of general interest, but this is not focused on any specific
project.
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In Closing (3/3)

1. Briefly summarize the current state of the program, discussing what has been learned and what are
the remaining Issues.

1.1. People have made HV feedthroughs, but it seems to be more of an art than a science. It
remains to make some basic measurements to try and elucidate the causes of breakdowns.

2. What is the proposed scope of the R&D program for the next two years, and what resources are
required for that program

2.1. | am asking for funds and support to continue this work by bringing the MicroBooNE HVC to
PAB to integrate into the existing systems, and to develop a capability for studies.

3. Compare the program with similar programs worldwide. Are we doing leading work in this area?

3.1. HV is an area of common interest, but | think I’'ve identified capabilities and interests that are
unigque here.

4. Which parts of the program should be considered generic R&D and which parts should be
considered project specific?

4.1. | expect our measurements will be of general interest, but this is not focused on any specific
project.

5. Will this research likely result in new projects at the lab?

5.1. Absolutely not.
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In Closing (3/3)

1. Briefly summarize the current state of the program, discussing what has been learned and what are
the remaining Issues.

1.1. People have made HV feedthroughs, but it seems to be more of an art than a science. It
remains to make some basic measurements to try and elucidate the causes of breakdowns.

2. What is the proposed scope of the R&D program for the next two years, and what resources are
required for that program

2.1. | am asking for funds and support to contlnue thls work by brlnglng the I\/IlcroBooNE HVC to
PAB to integrate into the existing sys

3. Compare the program with similar prog “It has on/y to do with
3.1. HV is an area of common intered the respect with which
unique here. we regard one another,
4. Which parts of the program should be | the dignity of men, our
considered project specific? love of culture. It has to
do with those things.”
--R. Wilson, 1969.

4.1. | expect our measurements will cific

project.

5. Will this research likely result j
5.1. Absolutely not.
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Others seem to
be studying this

Study Bubbles and Temperature

e Study the effect of bubbles R&D on HV

e Unknowns to be known before the final

* This is often mentioned as a breakdown design:
mechanism/mode (electric strength of Ar
gas is only ~1.6 kV/cm)

gidity versus electrode

discharges
® Argon ionization and space charge effi
. oo m ol “ ), A =

e |s the narrative actually true? Bubbles do
not always initiate a breakdown
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Others seem to
be studying this

Study Bubbles and Temperature

e Study the effect of bubbles RLIOMELY

¢ Unknowns to be known before the final

¢ This is often mentioned as a breakdown desngn R—
mechanism/mode (electric strength of Ar
gas is only ~1.6 kV/cm)

. Bubble and liquid argon purity effects on
discharges

® Argon :onlzatlon and space chargc eff
* Teeade ma D 00 perues Of
msulatmg materia

e |s the narrative actually true? Bubbles do
not always initiate a breakdown

Filippo Resnati - High Voltage in Noble Liguids - FNAL - November Sy, 2013 24

Solid Physi Films of Noble G
e Study the temperature dependence olid Physisorbed Films of Noble Gases

Solid He films on H, surfaces * Solid He monolayers form on solid H, surfaces
T * They will also form on metal surfaces at low T
e Source of bubble = bad ? w{ e
| LW. Brush et al,, Rev. Mod. Phys. 79 (2007)
. . 1 7" ] Ar, Kr, and Xe monolayers reduce work function
* There is an idea that argon plates out 7| | e oun b
on cold surfaces trapping impurities R
that lead to HV sparks: Pk e i monoloert)

Cleslikowskl et al,, PRL 58 (1987)

Noble gases will always from a dielectric on metal surfaces at low temperatures.
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Breakdowns

Others do not seem
to be studying this

e Study delayed breakdowns

e \While testing the HV FT, we noted sometimes the FT would be stable for a

number of days before observing a trip
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Others do not seem
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e Study delayed breakdowns

e \While testing the HV FT, we noted sometimes the FT would be stable for a

number of days before observing a trip

e An idea was that cosmic showers were triggering the breakdowns
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Others do not seem
to be studying this

Study Delayed Breakdowns

e Study delayed breakdowns

e \While testing the HV FT, we noted sometimes the FT would be stable for a
number of days before observing a trip

e An idea was that cosmic showers were triggering the breakdowns

e \We did an initial test of this at LAPD

Probabilities of PMT Peaks Associated with Trips

e The counter had limited coverage S o -

(~35x35 scintillator ~12’ above the TPC)

e No correlation (lartpc docdb #1001) 04f_ _____________ ................. ________ ___________________ _________

e \We could redo this test and easily E |
improve the Coverage 00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 %l%babilit;
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e Surface conductivities in LAr
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Others might be
studying this

Would like to study

e Surface conductivities in LAr

uctivity of in liqui n
e These values do not seem to O oty o 10 Kadd o

b e I i Sted a n yW h e re Web Shopping Images Videos News More ~ Search tools

e A google check of
“conductivity of g10 in

roF] Use of G10 near a LArTPC Active Volume .pdf
Ibne-docdb.fnal.gov/.. /RetrieveFile?...Use%2001%20G10%20near%20a... ~

Aug 13, 2010 - Abstract. We consider the effect of an insulator (G10) in a Liquid Argon
Time ... There are two discharge mechanisms: use of slightly conductive ...

. . T .
iquid argon” brings up a
. Argon - Wikipedia, the free encyclopedia
Hans document as the first en wikipedia.orgwiki/Argon = Wikipodia - |
Darmstadtium (unknown chemical properties) - Roentgenium (unknown .... Argon is
q it produced industrially by the fractional distillation of liquid air. Argon is mostly ...

You've visited this page many times. Last visit: 11/25/13

roF] The Viscosity and Thermal Conductivity Coefficients of Gaseous...

www.nist.gov/data/PDFfiles/jpcrd305.pdf ~ National Institute of Stand... -

by BA Younglove - 1986 - Cited by 87 - Related articles

Data for the viscosity and thermal conductivity of gaseous and liquid argon have been
evaluated and represented by empirical functions. Tables for the viscosity ...
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